Objectives: To review the published literature on respirable quartz exposure and associated disease in agricultural related settings systematically and to describe personal respirable dust and quartz measurements collected on a sandy soil farm in the Free State province of South Africa.
INTRODUCTION
Agriculture has the largest labor force globally, estimated at 1.1 billion people as reported by the International Labor Organization (ILO, 2005) . It is not known to what extent quartz (the common polymorph of respirable crystalline silica) exposure poses a risk in this industry. It could be an important public health issue not only because quartz exposure is associated with serious illnesses, including silicosis and lung cancer (IARC, 1997) and increased mortality (Steenland, 2005) , but also, because in geographies where there is concomitant TB, it increases the risk of pulmonary tuberculosis (Hnizdo and Murray, 1998) . This is compounded further in poor and middle-income countries (which have .80% of the world's population and where agriculture is often the main sector of employment) where there are high HIV infection rates because silicosis in HIV-positive individuals increases the risk of contracting tuberculosis substantially (Corbett et al., 2000) .
As expected, organic dusts are a well-recognized hazard in agriculture, but there is much less certainty on inorganic dust exposure (Schenker, 2000) . Some authoritative publications list agriculture as a source of quartz exposure (NIOSH, 2002) but many standard reference works do not (Parkes, 1994; Stellman, 1998; Hendrick et al., 2002) . As a result of the less than comprehensive literature, only 17 original articles were found in a PubMed search: 11 respirable quartz studies and 6 studies on quartz-associated diseases in agriculture were identified. Despite significant effort, only the abstract was obtained for three (Gustafsson et al., 1978; Dynnik et al., 1981; Popendorf et al., 1982) , so details of study populations and measurement methodology are incomplete for these.
Respirable quartz exposure in agriculture
Eleven studies reported quartz exposures in agricultural settings. Table 1 summarizes important aspects of these studies. Of these, two measured area respirable quartz, three personal respirable quartz in the breathing zone of workers, and seven quartz percentages in the respirable fraction of the dust. No studies were found which reported an absence of respirable quartz in agriculture dust.
Two studies reported on area respirable quartz concentrations, one in tractor cabs (Gustafsson et al., 1978) and one during rice farming operations (Lawson et al., 1995) . Gustafson À3 with the highest respirable quartz levels being detected during field preparation. The presence of an enclosed cabin was associated with reduced levels of respirable dust and respirable quartz in both these studies. These two studies demonstrate that farming activities can generate high levels of respirable quartz.
Only three studies investigated personal respirable quartz exposures in agriculture. Generally accepted occupational exposure limits (OELs) were exceeded in all of them (Popendorf et al., 1982; Archer et al., 2002; Lee et al., 2004) . Popendorf and coworkers investigated personal respirable quartz exposures of citrus, peach, and grape crops harvesters and reported that 50% of the samples among grape harvesters exceeded 25 lg m À3 (range 7-105 lg m À3 ) (Popendorf et al., 1982) . Remarkably high respirable quartz levels were measured by Archer and coworkers on seven different farms in three eastern North Carolina counties (Pitt, Lenoir, and Wayne) (Archer et al., 2002) . A total of 37 respirable dust personal breathing zone (PBZ) samples from 27 farmworkers was collected and exposures were relatively low on the majority of the farms (overall mean of 1.3 -2.9 mg m À3 ). However, the highest respirable quartz concentration measured in the breathing zone of a worker was 3910 lg m À3 during sweet potato transplanting with an overall mean concentration of 700 -1600 lg m À3 in the group of 27 workers. Lee and coworkers investigated the characteristics of personal exposure to inorganic and organic dust during manual harvest of California citrus and (Lee et al., 2004) . Overexposure in PBZ samples were found in all three studies and these studies indicated that respirable dust does not act as a good surrogate for respirable quartz exposure.
Seven studies measured quartz percentages in the respirable fraction of dust (Popendorf et al., 1982; Green et al., 1990; Stopford and Stopford, 1995a; Stopford and Stopford, 1995b; Nieuwenhuijsen et al., 1999; Archer et al., 2002; Molocznik, 2002) . (Lawson et al., 1995) Soil type not specified PBZ measurements Respirable quartz concentrations ranged from 20 to 90 lg m À3 , with the highest levels during field preparation Quartz content of dust generated during rice farming operations Samples were analyzed using X-ray fluorescence to identify composition and electron diffraction to determine the crystalline state of fibers North Carolina, USA (Stopford and Stopford, 1995a) Sandy and clay soils Bulk dust samples Quartz levels in the respirable fraction of sandy soils (29.0 -11.1%) were consistently higher than in clay soils (2.17 -0.85%) Soils from 14 active farms in the Piedmont and coastal regions of North Carolina Quartz was analyzed using the carbonate fusion method of Dobreva (as modified by Stopford) North Carolina, USA (Stopford and Stopford, 1995b) For respirable dust and respirable quartz samples, a 10-mm nylon cyclone was used with a 5-lm pore size PVC filter, and a pump flow rate of 1.7 l min À1 . Samples were collected for 6-8 h. Quartz analysis by X-ray diffraction Valley of California. Airborne dust exposures were measured for a total of five working days for each crop over the peak labor months of June through September 1992
Popendorf and coworkers found respirable quartz content of respirable dust collected from citrus, peach, and grape crops' harvesting machine filters to range from 1 to 12% (Popendorf et al., 1982) . Green and coworkers, in a study on 12 farms in Alberta, Canada, found that quartz content measured on tractor cab filters ranged from 0.85 to 17% and 50-97% of the dust had aerodynamic diameters ,5 lm (Green et al., 1990) .
Stopford and coworkers found higher levels of quartz in the respirable fraction of sandy soils (10.5-44.5%, mean 29.0%) than in clay soils (1.32-3.42%, mean 2.17%) suggesting that exposure to quartz from sandy and sandy loam soils may be greater than clay soils (Stopford and Stopford, 1995a; Stopford and Stopford, 1995b) . A study of Californian farmworkers reported high average percentage quartz in the respirable fraction of dust samples during hand and machine harvesting of field crops (21-23%) and ground preparation operations (20.5%) (Nieuwenhuijsen et al., 1999) . Archer and coworkers reported that mean percentage silica levels in 34 respirable dust measurements was 34.7%; almost twice as high as that reported in studies of California agriculture (Nieuwenhuijsen et al., 1999) with the highest fraction of 54.3% reported during sweet potato planting (Archer et al., 2002) . Molocznik et al. investigated the respirable fraction of dust in the respiratory zone of workers during an annual work cycle and the free silica in airborne and settled dust (Molocznik, 2002) . The study was undertaken on five farms with farmers performing 40 main identifiably distinct work activities that contributed to the annual work cycle. The authors reported a respirable fraction in airborne dust of up to 25% and a higher level of respirable quartz in settled dust samples collected from the farmers' workplace (64.6% in dust settled on a tractor and beets combine harvester during harvesting of beetroots). These seven studies indicate that quartz made-up more than a substantial fraction of the respirable dust. The highest quartz concentration was found in sandy and sandy loam soils (Dynnik et al., 1981; Stopford and Stopford, 1995a; Stopford and Stopford, 1995b; Archer et al., 2002) .
In summary, as is evident from the foregoing, the literature on respirable quartz exposure in agriculture is scant. The few studies reporting on personal quartz exposure had relatively few measurements, but the results are persuasive of a risk of over exposure to quartz in a large variety of farm settings and that high levels of respirable dust and personal respirable quartz can be generated during agricultural activities.
Quartz-related diseases reported in agriculture
The literature on silica-associated diseases in agriculture is scant (Sherwin et al., 1979; Fennerty et al., 1983; Gylseth et al., 1984; Dubovsky, 1999; Rottoli et al., 2003; Schenker et al., 2009 ) and unconvincing of a significant burden of pneumoconiosis in farming but, although very rarely, silicosis has been diagnosed in agricultural workers (Fennerty et al., 1983; Rottoli et al., 2003) .
Lung fibrosis or pneumoconiosis not typical of silicosis, in association with mineral particles, has been described in three reports (Sherwin et al., 1979; Gylseth et al., 1984; Schenker et al., 2009) . In the first, interstitial but no nodular fibrosis was found in seven patients, five of whom worked in vineyards, one as a produce farmer and one rural resident. Particles were examined in the lungs of four of the patients and they were mostly silicates with 5-10% silicon dioxide. The patients had inflammation and fibrosis in association with large amounts of these silicates, supporting a causal relation and a diagnosis of silicate pneumoconiosis. Alternatively, the silicates may have been merely a marker reflecting a mixture of toxic soil additives or pesticides introduced into the lungs along with the silicates. Gylseth and coworkers analyzed mineral particles in lung tissue from a farmer who underwent lobectomy due to a lung tumor (Gylseth et al., 1984) . Despite no clear evidence of previous non-farming occupational dust exposure, heavy deposits of birefringent particles and slight pulmonary fibrosis were found during histopathological examination. Electron microscopy and X-ray microanalysis of the mineral particles from the lung identified mica, talc, and silica as the major components of dust. Amphibole asbestos and rutile fibers were minor components. Mica, quartz, feldspars (plagioclase), and rutile fibers were also found in the soil from the farmer's potato storehouse. The authors concluded that, based on these findings, the slight pulmonary fibrosis was mixed dust pneumoconiosis, probably caused by the mineral particles. It is notable that the estimated concentration of asbestos fibers was 2.7 Â 10 6 per gram of dried lung, a not inconsiderable burden.
Schenker and others (Schenker et al., 2009) examined lung autopsy specimens from 112 consecutive coroner's cases of Hispanic males in Fresno County, Calfornia. Farmworkers made-up 51.5% of the subjects and nonfarmworkers 48.5%. Pneumoconiosis (defined as macules-collections of dust-laden macrophages without significant fibrosis-or nodulesfibrotic lesions up to 1 cm in size with round, irregular, or serpiginous borders) was found in 32.1% of the farmworkers compared with 8.3% of nonfarmworkers (chi-square 8.33, P 5 0.0033). The prevalence of pneumoconiosis increased to 41.5% and 18.6% in agricultural and nonagricultural workers, respectively, when interstitial fibrosis was included as a feature of pneumoconiosis. In multivariate analysis controlling for age and cigarette smoking, agricultural work was a significant independent predictor of pneumoconiosis (OR 5 5.36; 95% CI: 1.55-18.58). Lung dust burden was measured in the lungs of 37 subjects; mineral dust deposition was significantly associated with pneumoconiosis (OR 5 166.8; 95% CI: 17.56 to .999), a relation that persisted after adjusting for age and smoking: OR 5 453, 95% CI: 25 to .999. The authors concluded that agriculture dust is associated with pneumoconiosis, independent of age and cigarette smoking.
A case series without histological findings was reported by Dubovsky who reviewed 17 patients admitted over many years to two Free State, South Africa, hospitals with radiological findings of either 'diffuse discrete nodularity as seen in silicosis' or the honey combing of diffuse interstitial lung fibrosis which he attributed to dust exposure in the course of tractor plowing on maize farms or, in one case, 'diesel fumes' (Dubovsky, 1999) . Analysis of soil samples collected on the farms showed that the highest content was silica; the actual concentration was not reported. Dubovsky speculated that hypersensitivity pneumonitis may be an explanation in some cases, and histology was not reported for any. The diagnosis of pneumoconiosis in these cases is thus uncertain.
Two case reports are convincing of silicosis in farmers. Fennerty and coworkers reported a case of silicosis in a 77-year-old Pakistani farmer who had worked in fields from early childhood and had spent most of his time in cultivation, although he had reared cattle as well (Fennerty et al., 1983) . At histology, large numbers of needle shaped dust particles were found that consisted of muscovite, quartz, kaolin, and rutile with small quantities of feldspar and actinolite. On bulk chemical analysis, silica madeup 58.4% of the dust deposits from the lung. The finding of nodular pulmonary fibrosis in association with mineral crystals, 58% of which were silica, supported the diagnosis of silicosis and the authors concluded that the farmer developed pneumoconiosis through exposure to dust during a lifetime of farming. More recently (2003), a man who worked in floriculture in northern Tuscany, predominantly in greenhouses, presented with diffuse bilateral rounded opacities on the chest radiograph (Rottoli et al., 2003) read as 1/1 q/r in the International Labor Office (ILO) Classification of the Radiographs of the Pneumoconioses (ILO, 2002) . Birefringent silica particles, observed by polarized light microscopy, and nodules of fibrotic tissue in a whorled pattern were found in the lung. The substrata from the patient's workplace had a silica concentration of 31%. The authors concluded that this case indicates that the inhalation of siliceous particles in a closed environment such as a greenhouse is a risk for silicosis.
In summary, cases of pneumoconiosis in farmworkers have been reported, but very rarely and in the main with clinical features not typical of silicosis, except for two single-case reports.
As a result of the inconclusive literature presented herein, the authors decided to embark upon a robust occupational hygiene survey on a sandy South African farm in order to provide a referent point and to utilize the data in the design of a much more comprehensive pan-farm type study.
METHODS

Study population and design: South African farm
Personal respirable dust and quartz measurements were collected over 17 days between July 2006 and August 2008 during major farming operations on a sandy soil farm in the eastern Free State province of South Africa. The sandy soil region was identified by a pedologist using geological maps and the actual farm was selected by virtue of 'convenience sampling' i.e. access to the farm was granted. This region is $2 million hectares in size and the farm selected was situated centrally in the sandy soil area. Agriculture in this region is dominated by grain and livestock with a median rainfall of 450-500 mm per annum (Statistics-South-Africa, 2002) . The farm under study is representative of this region in terms of farming activities and commodities and was $850 hectares in size. Crops and livestock produced on the farm included maize, wheat, sunflower, water melon, pumpkin, potatoes, and cattle. Major tasks undertaken on the farm are shown in Table 2 . Mechanical harvesting of crops was done in modern closed-cabbed harvesters and preliminary measurements in the harvesters indicated quartz exposures below the limit of detection (LOD). Therefore, for the purpose of this study, farmworkers operating cabbed harvesters were not included. However, personal occupational exposures in these harvesters will be addressed in a subsequent study. Twenty people worked on the farm during the time of the study, and major tasks undertaken over the annual farming cycle were identified by the farmer. All workers completing the tasks on the sampling days agreed to participate. Tasks were selected to be representative of those performed by farmworkers throughout the study period. No respiratory protective equipment was used by the farmworkers. Furthermore, all tractor drivers measured during the study used opencabbed tractors to perform the tasks on the farm. No screening for the presence of respiratory disease in the worker population studied was done.
Soil grain size analysis
A soil sample was collected on the farm under study and analyzed at the School of Geosciences of the University of the Witwatersrand for grain size analysis. A sample of 150 g was soaked overnight in water with ,1 g of sodium hexametaphosphate added to aid clay deflocculation. Samples were wet sieved through a 63-l sieve in order to separate sand from silt and clay. The clay-silt suspension was poured into a cylindrical flask filled with water. After $54 min, the top 5 cm of suspension (containing only clay-sized particles) was extracted using a pipette. Cylinders were then topped up with water and the process repeated until the amount of clay left in the solution was negligible. The analysis showed that the soil was 86% sand, 10.7% silt, and 3.6% clay.
Dust sampling
The farm was visited six times (which summated to 17 days in total) and during the time of the exposure assessment, 138 PBZ measurements were collected for the purposes of evaluating respirable dust and quartz exposure of the farmworkers. Respirable dust was collected using the HSE MDHS 14/3 method (HSE, 2000) ; wherein, PBZ samples were collected by means of a Higgins-Dewell cyclone on preweighed 25-mm polyvinyl chloride filters using personal sampling pumps (GillianÒ Gil Air) connected to sampling trains calibrated on-site to a flow rate of 2.2 l min À1 in order to determine the respirable fraction. Farmwork seldom involves 8-h shifts, but management at the farm agreed to allow sampling for 8 h a day only and therefore, the duration of the PBZ measurements was $8 h in length (mean 495 min). Calibration was verified after each measurement. After sampling, cyclones were removed and filter cassettes were closed and capped for transport. The filters were equilibrated in an environmentally controlled weighing area for at least 2 h and weighed before and after sampling on a 5-decimal (g) microbalance. A respirable dust concentration using the difference in filter weight, after adjustment for blanks, and sampling volume was calculated for each sample. Maize planting occurred during November and December (rainy season). A tractor-drawn machine (planter) was used to plant maize seeds in the soil. A worker drove a tractor and another worker sat on the back of the planter observing and managing the planting procedure
Cattle management Cattle were herded into pens to count and medicate Maize and sunflower planter and tractor drivers Maize and sunflower planting occurred during November and December (rainy season). A tractor-drawn machine (planter) was used to plant seeds in the soil. A worker drove a tractor and another worker sat on the back of the planter observing and managing the planting procedure
Soil preparation
Fields prepared by plowing to break up the surface and bury weeds. A worker drove a tractor which dragged an implement through the soil (ripping and disking) creating large dust clouds
Manual pumpkin harvesting
Pumpkin harvesting in March during which workers manually picked up pumpkins from the fields and loaded them into containers
Manual water melon harvesting
Water melon harvesting in March during which workers manually picked up water melons from the fields and loaded them into containers Potato harvesting One worker lifted potatoes to the surface with a small engine driven machine and other workers placed in the field picked up the potatoes Sheep dosing Sheep were herded into pens to count and medicate them Quartz exposure in agriculture 287
Quartz anaylsis After post-weighing, filters were sealed in petri slides and transported to the National Institute for Occupational Health (NIOH) in South Africa for quartz analysis using X-ray diffraction (XRD) as specified in the HSE MDHS 101 method (HSE, 2005) . The results were expressed in microgram per cubic meter and the LOD reported by the NIOH was 22 lg.
Data analysis
Respirable (American Conference of Governmental Industrial Hygienists Threshold Limit Value) for respirable quartz. Forty-nine of 138 measurements of respirable quartz were found to be below the analytical LOD of 22-lg quartz; these were assigned a value of LOD ffiffi ffi 2 p for calculation of average exposure (Nieuwenhuijsen, 1997) . Both the respirable dust and respirable quartz measurements could be best described with a lognormal distribution. Geometric means and geometric standard deviations were used to present the average and distribution of concentrations. The measurements are presented by date of visit and major tasks undertaken on the farm (Tables  3 and 4) . Quartz percentages in the respirable fraction of the dust were calculated by dividing the respirable quartz concentration by the respirable dust concentration.
Ethics
Written informed consent was obtained from all participants in the study that was approved by the University of the Witwatersrand Human Research Ethics Committee (clearance number M070252).
Quality assurance
A quality control system was in place for both the gravimetric and XRD analytical analyses. For the gravimetric analysis, an approved inspection authority registered with the South African Department of Labour and a qualified occupational hygienist registered with the Southern African Institute for Occupational Hygiene monitored all aspects of the procedure from filter preparation, calibration of the pumps to filter weighing. Three blank filters were kept and treated in the same manner as the filters used during actual sampling for each day of measurement and analysis for all blank filters showed concentrations below the limit of detection. Quartz was measured in an experienced laboratory; where, both the gravimetric and analytical laboratories were accredited by the South African National Accreditation System.
RESULTS
One hundred and thirty-eight personal respirable dust and quartz samples were collected from July 2006-August 2008 during typical farming activities from a single farm identified to have sandy soils. Measured respirable dust and quartz concentrations by agriculture activity are presented in Tables 3   Table 3 ). Nevertheless, Table 4 shows overexposure to respirable quartz in all farming tasks evaluated. Thirteen percent of the measurements exceeded the South African Department of Labor (DoL) OEL of 100 lg m À3 , 31% exceeded the National Institute for Occupational Safety and Health REL of 50 lg m À3 and 57% of the measurements exceeded the widely used reference value of the American Conference of Governmental Industrial Hygienists (ACGIH) TLV-TWA of 25 lg m
À3
, with a maximum of 626 lg m À3 measured during wheat-planting operations. Quartz percentages of the respirable dust ranged from 0.3 to 94.4% with a median of 13.4% (Table 5) .
DISCUSSION
This paper has reviewed the published literature on quartz exposure and disease in agriculture, which motivated, informed, and assisted in the design of a comprehensive exposure assessment of respirable dust and quartz during farming on a central South African farm with the results presented herein.
The literature is scant but provides more than suggestive evidence that there is a respirable quartz risk in farming, in particular, that certain soils have respirable quartz percentages which can generate personal respirable quartz concentrations above generally used reference standards (Popendorf et al., 1982; Green et al., 1990; Stopford and Stopford, 1995a; Stopford and Stopford, 1995b; Nieuwenhuijsen et al., 1999; Archer et al., 2002; Molocznik, 2002) . The study of quartz exposure on a South African farm adds to the small body of literature showing the presence of respirable silica in the breathing zone of farmworkers (Gustafsson et al., 1978; Popendorf , 1982; Lawson et al., 1995; Archer et al., 2002; Lee et al., 2004) . Respirable quartz measurements from the South African farm ranged from 12 to 626 lg m À3 and confirmed the quartz risk as some concentrations exceeded generally accepted occupational exposure limits in all jobs evaluated, even though the majority of respirable dust concentrations were well below a commonly used occupational exposure limit of 2 mg m
À3
. The overall arithmetic mean (AM)-respirable dust concentration of 0.68 mg m À3 was lower than overall mean respirable dust concentrations of 1.3 -2.9 mg m À3 and 1.14 mg m À3 reported by Archer and coworkers and Lee and coworkers, respectively (Archer et al., 2002; Lee et al., 2004) . The overall AM personal respirable quartz concentration of 54.2 lg m À3 reported in this study was also lower than the overall mean of 700 -1600 lg m À3 reported during North California agriculture (Archer et al., 2002) and 80 lg m À3 and 20 lg m À3 reported in citrus and table grapes manual harvesting operations (Lee et al., 2004) .
Although the highest percentage silica content in the respirable fraction of the breathing zone samples was 94.4%, the overall median percentage silica levels in the respirable fraction of the dust (13.4%) were similar to that reported in previous studies (Dynnik et al., 1981; Popendorf et al., 1982; Green et al., 1990; Stopford and Stopford, 1995a; Stopford and Stopford, 1995b; Nieuwenhuijsen et al., 1999) . These similarities in findings may be due partly to the sandy soil type settings in some of these studies (Dynnik et al., 1981; Stopford and Stopford, 1995a; Stopford and Stopford, 1995b; Archer et al., 2002) . The overall median percentage silica content was 13.4% as compared with 29% observed in North California agriculture (range 10.5-44.5%) (Stopford and Stopford, 1995a; Stopford and Stopford, 1995b) , 21-23% and 20.5% reported during machine harvesting and ground preparation operations (Nieuwenhuijsen et al., 1999) , 34.7% (maximum of 54.3%) in eastern North Carolina farmworkers, and 25% reported by Molocznic in farmers (Molocznik, 2002) .
Despite the potential exposure, quartz-associated disease in farmworkers has been reported very rarely. A healthy worker effect has been suggested as one explanation by Schenker (Schenker et al., 2005) , but there are a number of other potential explanations:
1. It may be that excessive quartz exposure occurs but in isolated and unusual settings. This seems unlikely given that published studies from a number of countries farming a variety of products have found either high percentages of quartz in the respirable fraction of the dust (Dynnik et al., 1981; Popendorf et al., 1982; Green et al., 1990; Stopford and Stopford, 1995a; Stopford and Stopford, 1995b; Nieuwenhuijsen et al., 1999) or high respirable quartz concentrations (Gustafsson et al., 1978; Popendorf et al., 1982; Lawson et al., 1995; Archer et al., 2002; Lee et al., 2004) or both. Sandy soils are common in many countries, and the few studies on sandy soils or sandy loam soil farms found relatively high percentages of quartz in respirable dust (Stopford and Stopford, 1995a; Stopford and Stopford, 1995b) . Nevertheless, the literature is sparse and may not be representative of most farming settings, particularly, since reliable exposure assessments are difficult because of the variability and cyclic nature of farmers' work and the many potential exposure modifiers (de Cock et al., 1998; Preller et al., 1995) . In extreme circumstances, 8-h shift concentrations have been estimated to vary between 3-to 4000-fold (Kromhout et al., 1993) ; and the variability in farming may be at the extreme end because workers perform many tasks, often while moving from field to field with potentially different soil types; and, of course, much of the work is outdoors resulting in even more variability due to changing meteorological conditions (de Cock et al., 1998; Preller et al., 1995) . The studies may be unrepresentative also as possibly the published studies are more likely to be those reporting high rather than low quartz concentrations, thus creating a perception of an exposure hazard in this industry. 2. A partial explanation for the scarcity of cases may be under-diagnosis and under-reporting of silica-associated diseases in agricultural workers (Rees and Murray, 2007) . Access by farmworkers to health services is relatively poor in many countries and silica-associated diseases may not be linked to farming exposure, particularly, common diseases not unique to silica such as tuberculosis and lung cancer. 3. The potency of quartz in farm dust may be low.
The United Kingdom's Health and Safety Executive (HSE) reviewed potency factors with regard to their ability to cause silicosis and summarized their conclusions in a respirable crystalline silica potency matrix (HSE, 2002) . The HSE concluded that the following factors influence the potency of quartz:
Particle size-extremely small particle size enhances quartz potency and particle size may be relatively large in farm soils, although, this has not been characterized to any degree. Age of fractured surfaces of quartz-freshly fractured silica dust is more pathogenic than 'aged' dust (Vallyathan et al., 1995) . Silica in soils is likely to be aged, with most farming activities producing little freshly fractured material; although, it might be caused by contact with metal during activities such as plowing and discing. Clay-aluminium-containing clay coatings reduce potency and clay is a common constituent of farm soils.
4. Cumulative exposure over a year and a working lifetime in farming may be less than in traditional silica industries. Agricultural work is often seasonal and exposure to dust may be for a relatively small number of working days in a year. Nevertheless, exposure can extend throughout the growing season and, in addition, with very long working days.
The exposure assessment on the South African farm was conducted over 17 days and a fairly large number of measurements were collected (138) for close to 8 h (mean 495 min) for a wide range of farming activities. Respirable quartz exposure above generally accepted 8-h standards were convincingly demonstrated; although, in almost all of the jobs assessed, the minimum value was well below even the most stringent standard (Table 4) . Exposure variability is to be expected as concentrations will vary with local farming practices, commodities grown or raised, geography, climate, and other factors such as soil temperature and tractor characteristics (tractor speed and enclosed cabins) (Nieuwenhuijsen and Schenker, 1998) . In particular, meteorological conditions would be very important in determining the dustiness of agriculture tasks but is not addressed in this paper. Consequently, the quartz exposure found on this farm may not be representative of the industry and the risk faced by farmworkers. Additionally, exposure was not determined for individual workers over a farming year, and thus, cumulative exposure of these farmworkers is still unknown.
CONCLUSION
In conclusion, the published literature is inadequate to define the quartz risk in agriculture reliably and to identify jobs and activities that may lead to quartz-associated disease, but the potential for overexposure is convincing. The exposure assessment on a South African sandy soil farm supports other studies in which the potential for overexposure to respirable quartz exposure has been shown. It is important to quantify the quartz risk in this industry systematically. If quartz is a risk in the farming industry, it is a serious public health concern particularly in poor and middle-income countries given that these countries may have high background tuberculosis and HIV rates and very large numbers of people active in agriculture.
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